We present the interpretation of a new set of closely spaced marine magnetic profiles that complements previous data in the northeastern and southwestern parts of the South China Sea (Nan Hai). This interpretation shows that seafloor spreading was asymmetric and confirms that it included at least one ridge jump. Discontinuities in the seafloor fabric, characterized by large differences in basement depth and roughness, appear to be related to variations in spreading rate. Between anomalies 11 and 7 (32 to 27 Ma), spreading at an intermediate, average full rate of •50 mm/yr created relatively smooth basement, now thickly blanketed by sediments. The ridge then jumped to the south and created rough basement, now much shallower and covered with thinner sediments than in the north. This episode lasted from anomaly 6b to anomaly 5c (27 to •16 Ma) and the average spreading rate was slower, •35 mm/yr. After 27 Ma, spreading appears to have developed first in the eastern part of the basin and to have propagated towards the southwest in two major steps, at the time of anomalies 6b-7, and at the time of anomaly 6. Each step correlates with a variation of the ridge orientation, from nearly E-W to NE-SW, and with a variation in the spreading rate. Spreading appears to have stopped synchronously along the ridge, at about 15. 
INTRODUCTION
The South China Sea (Nanhai), and basins contiguous to it, cover a surface of 2.32 106 km 2. They are the result of a large amount of extension, including the creation of seafloor, within a continental mass that may have extended from the Malay Peninsula to the Philippines between South China and the Sunda shelf. the seafloor exists farther off-axis to the north or south, correlating the magnetic anomalies between closely spaced profiles is the only way to constrain the direction of spreading and its evolution in time.
MAGNETIC ISOCHRONS IN THE SOUTH CHINA SEA New Data Set
The most valuable new source of magnetic data is the map of closely spaced profiles compiled by S. at the Second Marine Geological Investigation Brigade (SMGIB) of the Chinese Ministry of Geology and Mineral Resources (Figure 1 ). We digitized the magnetic anomaly profiles from the map, to obtain a set of data that could be easily projected and processed. With a mean spacing of 10 nautical miles (•18 km) between profiles, this data set is the first to provide resolution sufficient for a detailed and quantitative analysis of the evolution of the spreading ridge. The locations of the SMGIB, NANHAI and MASIN profiles are shown in Figure 1 . In addition to these new data, our analysis includes the previously published Conrad and Verna profiles [Hayes and Taylor, 1978; Hayes, 1980, 1983] , which are not represented in the figures to keep them readable. The magnetic profiles drawn from the SMGIB map show good consistency with previous profiles guided by accurate satellite navigation. In particular, the SMGIB magnetic data match data from other cruises at crossing points, implying that the processing of the data and their drafting on the map are correct.
Methods
Our analysis of the magnetic anomalies in the South China Sea differs from previous analyses in three ways. First, we chose a geomagnetic time scale specifically adjusted for ridges with half spreading rates varying from less than 10 mm/yr to 30 mm/yr, such as the Mid-Indian and South-Atlantic Ridges. The half rates of 20-30 mm/yr inferred by Taylor and Hayes [1980, 1983] in the South China Sea fall within this range. Second, since the magnetic profiles are numerous, but the magnetic anomalies sometimes difficult to identify due to asymmetric spreading rates and ridge jumps, we systematically tested the magnetic isochrons by fitting identified conjugate isochrons. The goal was to obtain a good superposition of magnetic isochrons from either side of the axis, and to get a consistent series of isochrons, under the assumption that no major differential strain occurred within the oceanic crust since its creation.
This combination of identifying the anomalies by comparison with synthetic profiles, and checking the identification by fitting the isochrons, helped us choose between alternative solutions in certain areas. Finally, we complemented the magnetic data with the stratigraphy of sediments covering the oceanic floor or deposited on the margins, the depth and structural fabric of the seafloor, the evolution of the margins as suggested by wells and subsidence studies, the heat flow and the free air gravity anomalies. Such additional data served to guide our final identifications and choose between various sequences implying different ages for the oceanic crust. 114 ø , 116 ø 118 ø 120øE This approach permits a coherent interpretation in small basins such as marginal seas, even though profiles are short and difficult to correlate with a unique sequence of magnetic reversals, especially when the axial age is unknown.
Taylor and Hayes [1980, 1983] chose to base their interpretation on the magnetic time scale of LaBrecque et al. [1977] . We have chosen to use a slightly modified version of the magnetic time scale described by Patriat [1987] (Table 1 ). In particular, the sequence of anomalies 5 to 13 was adjusted by Patriat [1987] so that synthetic magnetic anomaly profiles resemble profiles observed not only on fast and medium spreading ridges, but also on slow spreading ridges. The reversal time scale used here (Table 1, Figure 2 ) was mostly obtained by fixing the ages of major reversals in the succession of reversals described by Patriat [1987] , so that in terms of absolute ages it is comparable to that of Berggren et al. [1985] 
. Short reverse polarity intervals have also been added to the large normal interval of anomaly 6, implying a lower relative amplitude for anomaly 6 and making anomalies 5e and 6a more distinct from anomaly 6 at slow spreading rates [Patriat, 1987] (Figure 2 , Table 1 ). Both effects are observed on profiles in the Indian Ocean, where the spreading rate varies between 15 and 60 mm/yr, which suggests that Patriat's time scale is more reliable than previous ones for interpreting profiles from ridges spreading at rates of less than 60 mm/yr. In calculating synthetic profiles, we also have taken into account the fact that the change from one anomaly to the next along a magnetic profile generally results from a progressive, rather than sharp, contrast of magnetization between normal and reverse-polarity blocks [e.g., $chouten, 1971; Blakely and Cox, 1972; Tisseau and Patriat, 1981] . We used the method of artificial rates developed by Tisseau and Patriat [1981] , in which an artificial spreading rate slower than that corresponding to the model is chosen, and the horizontal scale adjusted to restore the predicted length of the modeled magnetic profile. A prominent effect of this filtering is to produce loweramplitude anomalies, which are most often observed on slowspreading ridges.
The fit of conjugate magnetic isochrons is the best check of a good identification and yields the spherical parameters that describe the spreading quantitatively. We used two methods to fit the isochrons and calculate the poles and angles of rotation. The first method, introduced by Patriat [1987] and discussed by $loan and Patriat [1992] , is based on minimizing the misfit area obtained when matching the two lines defined by the picks of conjugate magnetic anomalies. Representative points are chosen on each isochron, to avoid disturbed areas such as transform offsets.
Starting with a "first guess" pole, we compute the corresponding misfit, then those associated with a series of poles at a chosen distance (here 1 ø) from the first one. The pole that yields the smallest misfit is retained and the operation repeated. The search is complete when any pole at a chosen distance (here 0.1 o) around the Stage poles, describing the rotation between two consecutive magnetic anomalies, were then computed to characterize, step by step, the evolution of the rate and direction of spreading. Structural observations were used to separate the eastern, northwestern and southwestern oceanic subbasins (Figure 1) , and to re- 
Identification of Magnetic Anomalies
Estimation of the age and overall anomaly sequence in the eastern basin. The several attempts we made to fit the anomalies observed on the longest magnetic profiles from the eastern subbasin with sequences of the geomagnetic time scale confirm the Oligocene-early Miocene age of the sequence of anomalies, with spreading rates of the order of 20-30 mm/yr, as first inferred by Taylor and Hayes [1980, 1983] (Figures 3 and 4a) Hayes, 1980 Hayes, , 1983 . The most typical sequence to be recognized in the basin is the 6b-6 anomaly sequence. It is especially prominent in the northeastern part of the basin (Figures 3 and 4) . Nowhere else in the basin, to the south or southwest, is it found with the same typical shape (Figures 6 and 7) . A priority in our interpretation of the anomalies in the eastern basin was to respect the broad shape of anomaly 6, which is characteristic in most oceanic basins [e.g., Patriat, 1987] , as well as the large amplitude of anomaly 6b, which is prominent on both sides of the ridge (Figures 3, 4a, 6 and 7). It should be noted that the skewness is such that a given time in the magnetic time scale corresponds, within the uncertainty in picking of the anomalies, to a negative anomaly to the north of the profile, and to a positive anomaly to the south of the profile (Figures 2, 4  and 7) .
Old crust in the eastern basin. The oldest magnetic lineations that could be identified are anomaly 11 in the north and 10 in the south (respectively, 32 Ma and 30 Ma, Figures 3 and 4) . Magnetic anomalies in the southeast have a lower amplitude than in the northeast, and anomalies 8 to 10 are not observed near the southeastern continental margin (Figures 3 and 4a) . We discuss possible causes for this asymmetry in the section concerning reconstructions.
In the eastern basin, there is a greater number of magnetic anomalies north than south of the Scarborough relict axis (Figure 4a ). This asymmetric distribution implies that the ridge jumped to the south, as Taylor and Hayes [1983] first inferred. Placing this jump just after anomaly 7 provides the best fitting synthetic magnetic profile (Figures 3 and 4a) . The two conjugate anomalies 7 are observed in the north. To the southeast, anomaly 7 is missing, and the large-amplitude anomalies 6b and 8 are juxtaposed (Figures 3 and 4a) . A fanning of the magnetic lineations, spanning about 20 ø, is observed north of the ridge, revealing a change in the overall trend of the spreading center, from N70øE for anomaly 10, to N80øE for anomaly 8, and to E-W for the abandoned spreading center (Figure 3 ). This reorientation of the ridge system is accompanied by a reorganization of the ridge axis, which we shall discuss in the section on the evolution of the spreading system.
Northwestern basin. Previous data were too scarce to identify magnetic anomalies in the northwestern subbasin, although seismic data suggested that it is underlain by oceanic crust. The new profiles confirm this view and reveal symmetrically magnetized crust. Because this oceanic trough is particularly narrow (•150 km), the correlation of observed profiles with a magnetic model is not unique (Figure 5 ). Nevertheless, only three sequences, consisting of anomalies 10-11, 13-15 or 21-22, provide an acceptable match to the observed profiles. Of these three possibilities, the 10-11 sequence is most consistent with structural and stratigraphic observations, because it allows continuous spreading over the whole northern basin in the early Oligocene (Figures 3, 4a and 5) .
Ridge jump at the time of anomaly 7 and correlative ridge reorganization. To the east, the ridge jump after anomaly 7 is confirmed by morphological observations of its effect on the ridge system. Since the conjugate anomalies 7, which bound the abandoned ridge axis, are separated by the same distance all along that ridge, we infer that the jump was simultaneous for all segments. The eastern spreading segments, however, jumped farther south than the western ones (Figures 3 and 4a) . The age difference at the boundary between the old and new crust is thus greater east of 117øE than to the west, as reflected by the larger topographic step observed between these crusts [Rea, 1978; Patriat, 1987] Short segments of isochron 7 are tentatively identified to the northwest and to the southwest, along the continental margins (Figures 3 and 4) . The ridge therefore started to propagate towards the southwest, between Macclesfield Bank and Reed Bank, at that time.
Axial eastern area. In the eastern area, after the ridge jump, the magnetic isochrons appear to be more disrupted when approaching the axis (Figures 3 and 6 ). Taylor and Hayes [1983] inferred that disruption to result from the magnetization of the Scarborough seamounts, which were emplaced shortly after spreading stopped for the northern side of the ridge and =12 mm/yr for the southern side. We have a slight preference for the former model because it accounts best for the observation that anomalies 6 and 6a are represented by a total of 3 picks in the southeast and only 2 in the southwest, and that anomaly 6 is particularly large to the northwest (near N15ø30, Ell6 ø , Figures 6 and 7) . This change in the behavior of the spreading center along strike probably explains why the 6b-6 sequence is more difficult to recognize south of the ridge than north of it, as initially noted by Taylor and Hayes [1980, 1983] . Southwestern basin. With the integration of the new profiles, the magnetic data in the southwestern subbasin have become especially dense, which frequently permits easy correlation of the anomalies between the profiles. That such a correlation is easier than in the central eastern basin suggests that the seafloor in the southwestern subbasin has been created along a spreading axis with southwest in two major steps, first at the time of anomalies 6b-7, creating a new spreading axis in the intermediate zone, then at the time of anomaly 6, when the ridge reached its longest extent. The poorly developed shape of anomaly 6b in the southwest may be due to the fact that it represents the first anomaly along the margin, as does anomaly 11 to the northeast.
The best fit with a synthetic magnetic profile is obtained with a spreading rate of about 18 mm/yr on either sides of the axis. Several profiles (NW20 to NW25, Figures 7b and 7c) , however, display prominent asymmetry. Synthetic profiles involving asymmetry in the spreading rates do not match the observations as well as models invoking a ridge jump. Our preferred model thus includes one more small ridge jump along the segment defined by these profiles at the time of anomaly 5d. As all other jumps inferred from magnetic anomalies in the South China Sea, that jump was directed toward the south.
Cessation of seafloor spreading. Because the axial part of the eastern basin does not display any identifiable magnetic anomalies, the last episode of spreading there may only be deduced from the model for anomalies 6-5d, assuming a constant spreading rate after anomaly 5d. This suggests a cessation of spreading near anomaly 5c (Figure 7a ). The anomalies observed in the axial zone show prominent variations of wavelength along strike (Figures 4 and 7) , which may be interpreted in terms of differential asymmetric spreading related to the reorientation of spreading segments [Menard andAtwater, 1968; Hey et al., 1988] . In the southwestern part, the end of the spreading is observed just after anomaly 5c (e.g., on profiles NW19 to NW25, Figures 6 and 7) . The simplest conclusion is thus that the cessation of spreading in the South China Sea was synchronous all along the ridge, just after anomaly 5c, at •15.5 Ma, although slight diachronism between the east and the southwest cannot be excluded. Note that this conclusion is a direct consequence of our preferred anomaly sequence match.
RECONSTRUCTION OF SEAFLOOR SPREADING IN THE SOL/TH CHINA SEA
The set of all the magnetic lineations deduced from the analysis described above is presented in Figure 11 , along with all the tectonic features observed on Sea Beam swaths. The segmentation of the isochrons derives from the fits of magnetic anomalies identified on the profiles, resulting in the same shape of the isochrons on either side of the ridge. By fitting these magnetic isochrons we calculated the Eulerian poles of rotation. We present here the results of the fits and the reconstructions of the oceanic part of the basin, without considering the surrounding continental areas. We discuss the parameters of rotation calculated from these fits (Tables 2-4) and the major steps in the evolution of the spreading ridge (Figures 10-12) . To assess the limit of the oceanic crust, we took into account the gravity anomalies defined in the gravity profiles of Taylor and Hayes [1983] and in the free air gravity anomaly map published by B. Chen et al. [1987] . We also took into account the magnetic profiles, especially along the northern and southwestern limits of the basin. The oldest, southeasternmost part of the oceanic crust in the basin appears to be partly concealed under a recent compressional thrust wedge and the thick sedimentation derived from it. be used for other isochrons, however, because they were either not disrupted by fracture zones, as in the case of anomalies 9 or 8, or too disrupted by short-offset discontinuities, as for anomalies 6 to 5d in the east.
Because small ridge jumps occurred at the times of anomalies 6 and 5d (Figure 7) , the corresponding reconstructions are less certain than for other anomalies. Since the ridge jumps are small, Positive latitudes and longitudes are northern and eastern hemisphere, respectively. Poles and angles computed for southern flank of the ridge from finite rotations in Table 2 . Positive latitudes and longitudes are northern and eastern hemisphere, respectively. however, they may be considered to reflect a mere asymmetry in spreading. We therefore include the results of the fits of anomalies 5d and 6, noting that the uncertainty for them is greater. The parameters of rotation at the time of the large jump after anomaly 7 are interpolated from those corresponding to anomalies 8 and 6b.
Since anomaly 11 is only tentatively identified on both sides of the narrow rift in the northwest, we calculated the pole of rotation corresponding to the stage between anomaly 11 and anomaly 10, Figure 12b) .
The spreading ceased in the northwestern subbasin just after anomaly 10 (30 Ma). It continued farther to the east, however.
The isochron drawn for anomaly 10 suggests that the ridge was segmented and that overall, the segments were arranged en 6chelon, into a right-stepping array (Figure 10b ). The direction of spreading was close to N-S (Table 4, Figure 12b ).
Between anomalies 10 and 7 (30-26 Ma), fanning of the isochrons 10 to 8 (Figures 3 and 10c) implies a reorientation of the spreading system from an average ENE-WSW to an E-W direction, also suggested by the computed directions of spreading (Table 4, Figure 12b) . Anomaly 8 appears to have been the most continuous isochron because the small fracture zones or discontinuities observed at anomalies 9 and 10 no longer disrupt it.
Between anomalies 7 and 6b (26-24 Ma), the ridge jumped to the south, and then rapidly propagated to the southwest, resulting in a drastic change in the axis configuration. . .........................-.............................-. propagation at the time of anomaly 7 is suggested by the identification of a small ridge segment between Macclesfield Bank and Reed Bank (Figures 3 and lec) . The 6b isochron is well-defined in the east, with a configuration inherited from the ridge jump. To the southwest, it forms only short segments between Macclesfield and Reed Banks (Figure led) . We cannot reconstruct the spreading geometry in the extremely disrupted zone around Ell5 ø. Since a large offset is observed between anomalies in the east and in the southwest, this'zone was probably characterized either by transform faults linked by short ridge segments, or by oblique segments with right-lateral normal slip. A high-resolution study of the bathymetry of this area would be necessary to choose between these geometries.
Anomaly 6 (20.5 Ma) corresponds to a second step of rapid propagation to the southwest, in which the ridge reaches its maximum extension. Given the available data, this corresponds to the maximum extension of the spreading system. The computed direction of spreading after the ridge jump (anomalies 6b-6a) is NW-SE, becomes closer to N-S around anomaly 6, then changes back to NW-SE after anomaly 5e (Table 4, Figures lee, lef and 12b) . The time of anomaly 6 is also correlated with a reorientation of the spreading segments in the east, from N80øE to N60øE on average [Pautot et al., 1986] . At that stage, the ridge appears to have been segmented, probably more to the east than to the southwest. In both areas, however, the Sea Beam bathymetry reveals clear NE-SW normal fault scarps, but it does not show as many fracture zones as the offset of the magnetic isochrons might suggest (Figure 11 ). This implies that the spreading axis may have been offset along zones of rather diffuse deformation, which do not have a distinct bathymetric expression [Pautot et al., 1990] . At the time of anomaly 5d (18 Ma) the orientation of the spreading segments was still changing, from N70øE to N50-40øE, which lead to disrupted anomalies in the east (Figures 10f and 11 ; see Briais et al. [1989] ). The direction of spreading was close to NW-SE (Table 4 , Figure 12b ). Seafloor spreading probably stopped after anomaly 5c (15.5 Ma) in the entire basin. In the southwest, that age is well constrained by the best-fitting synthetic magnetic profiles, given the anomaly sequence we chose. In the east, the axial area is occupied by the Scarborough seamounts chain 
Characteristics of the Evolution of the Spreading System, a Discussion
Direction of spreading and segmentation of the ridge. As mentioned earlier, anomalies 10 to 7 display a 20 ø fanning that reflects a progressive change in the direction of the spreading axis. Also, while at the time of anomaly 10 the ridge appears to be segmented by several fracture zones, most of these zones disappear during the reorientation of the ridge, since anomaly 8 is more continuous. Similarly, the prominent disruption of the spreading axis starting after anomaly 6a, with no clearly identifiable isochron segment younger than anomaly 6, seems to be related to changes in the direction of spreading. The segments that form the successive ridges appear to become shorter as their orientation changes from N80øE at the time of anomaly 6a, to N50øE at the time of anomaly 5d. (Table 4) , however, suggests that, in general, the ridge segments were probably not perpendicular to the spreading direction, even in the last stages of the spreading. A detailed study of the topography would be necessary to model further the evolution of the ridge, especially in the area younger than anomaly 6b, where a progressive reorientation of the spreading system is strongly suspected.
Asymmetric spreading, ridge jumps and ridge propagation. In addition to the major ridge jump just after anomaly 7, the evolution of the South China spreading center seems to have been characterized by small ridge jumps, always to the south, and by a systematic asymmetry of spreading, rates to the north generally being greater than to the south. Relative to South China, this asymmetry reflects a southward motion of the ridge faster than that due only to spreading. Stein et al. [1977] have shown that migration of a spreading ridge with respect to the deep mantle might induce asymmetry, with faster spreading on the trailing side. In all models of opening of the South China Sea, the smaller southern plates are implicitly assumed to have a greater absolute motion (relative to the deep mantle) than the larger northern plate (Eurasia). In other words, as the South China Sea spreading center was moving south relative to South China (Eurasia), it also moved south relative to the deep mantle. The asymmetry observed in the basin is thus that expected from the qualitative model of Stein et al. [1977] .
The ridge jump observed at the time of anomaly 7 seems too large to be linked with the asymmetry of the extension in the basin. Rather, it probably reflects a change in the geodynamic boundary conditions prior to the propagation of the ridge towards the southwest, that may have triggered both the jump and the propagation. An attempt to reconstruct the ridge at the time of the jump reveals that the old and new crusts overlap, implying that the old and the new ridges were simultaneously spreading for some time before the old one died out. That ridge jumps are progressive and not instantaneous is widely documented in other oceanic basins.
One consequence of the propagation of a rift is the wedge shape of the continent-ocean boundary due to the progressive tearing of the continent [e.g., Courtillot, 1982 , Courtillot et al., 1984 . The irregular, stepwise decrease of the area floored by oceanic crust toward the SW suggests that ridge propagation occurred in a discontinuous fashion. It was fast between anomalies 7 and 6b, rather slow between anomalies 6b and 6a, and then accelerated again before anomaly 6 (Figures 10 and 11 ).
COMPATIBILITY WITH SURROUNDING CONTINENTAL TECTONICS: DISCUSSION AND IMPLICATIONS FOR THE TERTIARY EVOLUTION OF SOUTHEAST ASIA
In this section we try to relate quantitatively the unusual evolution of the South China Sea spreading system with the Tertiary tectonic evolution of the continental areas surrounding that sea. In regions such as the western Pacific, it has become clear that the opening of marginal basins is a three-dimensional problem, and that the local relationship between back arc extension and nearby subduction has to be integrated into a larger-scale plate tectonic framework [e.g., Tapponnier (Figure 14) . This positive test of kinematic compatibility is illustrated by moving back the northeastern boundary of Indochina, taken to lie along the present trace of the Red River Fault, relative to South China, using the rotation parameters derived from the study of the oceanic part of the basin (Tables 2, 3, Figure 12) . Overall, the successive positions of the trace suggest that much of the spreading of the South China Sea may be related to strike-slip movement on that fault (Figure 14) . Table 5 shows the direction, rate and amount of finite motion of two points (C, north of the Uttaraditt suture; D, near the Gulf of Tonkin) which now belong to the fault trace, computed from the stage poles of rotation derived from the magnetic isochrons (Table 3) Directions Figure 16a) . We then present a series of palinspastic maps (Figures 16b-16e Figures 16c, 16d and 17 ).
Just after anomaly 7 the spreading system jumped to the south, and the ridge began to propagate towards the southwest (Figures 10 and 16d) . We infer that a preexisting crustal fabric or the rheology of the lithosphere prevented the ridge from jumping and propagating in a single step, at the time of anomaly 10, and maintained Macclesfield and Reed Banks together between anomalies 10 and 6b (Figures 16b, 16c and 16d The propagation of the spreading system stops at anomaly 6 (20 Ma) (Figures 11, 16d, and 16e) . It is possible that at this time a steady state connection was finally reached between the Red River strike-slip fault and the South China Sea spreading center, although that connection is difficult to trace with extant data. The estimated motion on the fault is then almost purely strike slip, as seen in Figure 14 . The strike-slip fault is closest to a transform fault, its horizontal motion being transmitted almost entirely to the spreading system. This scenario might explain the increase in the spreading rate after anomaly 5d. The homogeneous NE-SW orientation of scarps, visible on the Sea Beam bathymetry [Pautot et al., 1986 [Pautot et al., , 1990 Briais et al., 1989] , suggests that this situation and the N140 ñ 10øE spreading direction remained steady until the cessation of the spreading.
Cessation of spreading. After 16 Ma, spreading apparently stopped all along the ridge axis (Figures 11 and 16e) . In the interpretation discussed here, the end of spreading is seen as a consequence of processes occurring well beyond the margins of the South China Sea. We suggest it is related to the cessation of motion on the Red River Fault, itself inferred to result from the deformation and clockwise rotation of the fault system, and to changes in the stress field as the Indian indenter passes Malaysia and Indochina [e.g., Tapponnier et al., 1986; Peltzer and Tapponnier, 1988] . The middle Miocene is also a time of crustal shortening between Palawan and the Cagayan Ridge to the south [Rangin and Silver, 1991] . This deformation probably attests to more efficient coupling between the Philippine and the Eurasian Plates. Similarly, more active terrane accretion, leading to the present-day collision with Australia, begins along the Eastern Sunda subduction zones. Both factors may have contributed to stop the southeastward extrusion of Indochina (Figure 16f ).
CONCLUSION
Clearly, the reconstructions presented here, the choice of hypotheses from which they derive and the palinspastic scenarios with which they are compatible are not unique. One particularly important hypothesis is the choice of the magnetic anomaly sequence in the southwestern basin. Nevertheless, because the Red RiverAilaoshan fault zone is a large Oligo-Miocene discontinuity that extends into the South China Sea, with apparently at least 500 to 600 km of left-lateral displacement, and because displacement on this fault is compatible with seafloor spreading in that sea, we believe that it has played a leading role in the formation and evolution of the sea. The reconstructions of Figure 16 are the simplest that account for the existing body of observations both within the basin and in continental regions surrounding it to the north and west.
At a more detailed level, the inference that the opening of the South China Sea basins is linked with the propagation of a large left-lateral strike-slip fault (the Red River Fault) along their western margin, and the average position, relative to this fault, of the Indochina/South China rotation poles, provide kinematically and mechanically acceptable ways to account for the complex shape of the basins, the transition between seafloor spreading in the east and diffuse extension in the west, possible counterclockwise rotations in zones of diffuse extension, as well as generally asymmetric spreading and systematically south-directed ridge jumps. This is schematically summarized in Figures 17a and 17b . That the stage poles of rotation are roughly aligned on a great circle that crosses the South China Sea suggests that the mechanism of opening did not change drastically during the opening (Figure 12) .
At the core of the extrusion scenarios proposed by Peltzer et al. [1982] and rapponnier et al. [1982, 1986] is the hypothesis that the collision between India and Asia provides an essential part of the forces driving seafloor spreading in the South China Sea, and that subduction alone, south and east of that sea, although required to allow extrusion, would not suffice to do the job. The work presented here supports this inference. Collision has probably contributed to guide the kinematics of seafloor spreading in the South China Sea in two ways. First, it has activated large, concave to the south, left-lateral strike-slip faults cutting eastern Asia and terminating into pull-aparts. Second, as India penetrated north into Asia, thus moving past Indochina, it probably induced successive, clockwise rotations of the large blocks extruded between these faults. The faults are thus less curved than the small circles about the Euler poles deduced from seafloor spreading reconstruction (Figure 14) . Our results suggest that the geometry, kinematics, displacement fields and scale dependence of the faulting pattern and of the block rotations are best illustrated by the quantitative descriptions of the plasticine experiments that were first used to model extrusion tectonics in Asia [Peltzer, 1983; Peltzer and Tapponnier, 1988] 
